###### Significance of the study

What is already known about this subject?
=========================================

It has been shown that lifestyle programs in primary healthcare settings can prevent or delay the onset of type 2 diabetes for individuals at high risk for type 2 diabetes. However, lifestyle programs are often confronted with high non-participant rates and high level of attrition.

What are the new findings?
==========================

Women who declined to participate in a lifestyle program in the Norwegian primary healthcare setting had fewer years of education, compared with women who participated. For men, no differences were seen among non-participants and participants. Among participants at high risk of type 2 diabetes at 24-month follow-up, none developed type 2 diabetes, and HbA~1c~ (p\<0.001) decreased significantly. Body mass index decreased slightly, but not significantly, among all participants (from 30.2 at baseline to 29.7 kg/m^2^ at 24-month follow-up). For women, waist circumference (-4.0 cm, p\<0.001) decreased significantly.

How might these results change the focus of research or clinical practice?
==========================================================================

Based on these results, to prevent type 2 diabetes using the Norwegian primary healthcare system, lifestyle programs for individuals at high risk for type 2 diabetes could focus on how to promote recruitment of women with low education. The results further highlights the importance of maintenance of lifestyle change for older adults at high risk for type 2 diabetes.

Introduction {#s1}
============

The global type 2 diabetes epidemic will overwhelm healthcare resources if preventive strategies are not urgently implemented.[@R1] The number of people with type 2 diabetes is also increasing in Norway.[@R2] The importance of preventing type 2 diabetes has been highlighted over the last 10 years,[@R3] and several studies have shown that type 2 diabetes can be prevented when individuals at high risk make changes in diet and physical activity habits.[@R4] The Norwegian Health Authorities have recommended that all municipalities establish lifestyle programs at Healthy Life Centres as part of the primary healthcare system to serve individuals who need to make changes in diet, physical activity and tobacco use.[@R7]

Unfortunately, lifestyle programs are often confronted with low participation rates and high level of attrition.[@R9] The individuals who choose not to participate in lifestyle programs might be those who would have benefitted most from the programs offered.[@R10] Reasons given from potential participants for not participating in lifestyle programs are usually health related.[@R11] However, in studies, it is found that non-participants are more likely to live in rural areas,[@R12] have a lower level of education,[@R13] lower socioeconomic status and are more often men.[@R13] Women are more likely than men to have contact with the healthcare system.[@R17] In addition, women are at higher residual lifetime risk for type 2 diabetes than men.[@R18] The characteristics of women and men choosing or declining to participate in lifestyle programs could somehow differ. Identifying the characteristics of women and men who decline to participate in a lifestyle program can add useful knowledge about where efforts should be targeted to recruit both women and men to lifestyle programs to prevent type 2 diabetes.

The Finnish Diabetes Prevention Study (DPS), the US Diabetes Prevention Program (DPP) and the China Da Qing Diabetes Prevention Study showed that type 2 diabetes can be prevented when individuals at high risk make lifestyle changes when conducted in comprehensive experimental settings.[@R4] However, there are questions concerning how best to translate knowledge from comprehensive experimental settings to local primary healthcare settings.[@R19] Studies that have transferred the interventions on preventing type 2 diabetes from experimental settings to local primary healthcare settings have shown successful results, assuming that it is possible to prevent type 2 diabetes in local primary healthcare settings.[@R19] However, the content of each lifestyle program depends on the resources in the local primary healthcare system where the program is offered. There has been a call to replicate long-term studies in primary healthcare settings to examine the feasibility of lifestyle programs and the resources and level of intensity they require to prevent type 2 diabetes.[@R23] In Norway, there has been a demand for documentation of the long-term effect of lifestyle programs in preventing type 2 diabetes in primary healthcare settings, such as municipal Healthy Life Centre.

This studys first aim was to investigate if the characteristics of women and men at high risk for type 2 diabetes who chose to participate in a lifestyle program (the VEND-RISK Study) differed from those who declined to participate. The second aim was to study the effect of a 12-month lifestyle program in the Norwegian primary healthcare service for participants at high risk for type 2 diabetes at 24-month follow-up. The primary outcome was to examine 24 months changes in glycemic measures and cardiometabolic markers. The secondary outcome was to see if overweight and obesity were reduced and if participants cardiometabolic profile changed.

Research design and methods {#s2}
===========================

Study design and settings {#s2a}
-------------------------

A cross-sectional design was used to explore if the characteristics of those at high risk for type 2 diabetes but who declined to participate after being invited to a lifestyle program (the VEND-RISK Study) differed from those who participated. A non-randomized, single-arm, prepost examination was used to investigate the effect on cardiometabolic changes among participants in the lifestyle program (the VEND-RISK Study) with assessments at baseline, at the end of the lifestyle program and at 24-month follow-up.

Recruitment of participants at high risk for type 2 diabetes {#s2b}
------------------------------------------------------------

The Nord-Trøndelag Health Study (HUNT) is a large population-based study in Norway, with three waves of data collection.[@R24] The present study used the third wave, the HUNT3 Survey (2006 to 2008), for its baseline risk factor assessments. In HUNT3, 5297 out of a total 48 392 individuals were identified as being at high risk of developing type 2 diabetes over the next 10 years.[@R25] The Finnish Diabetes Risk Score (FINDRISC) questionnaire (range: 0 to 26) was used to identify individuals at high risk, where a score of 15 or more indicated at least a 30% risk of developing type 2 diabetes during the next 10 years.[@R26] Individuals with a score of 15 or more received oral and written notes about their high risk through an invitation to attend the HUNT arm of an international multicenter study, the DE-PLAN Study (Diabetes in EuropePrevention through Lifestyle, Physical Activity and Nutrition).[@R27]

In 2012, the VEND-RISK Study was initiated in two municipalities in Nord-Trøndelag with the goal of stimulating individuals at high risk of type 2 diabetes who were overweight or obese to be more physically active and to eat a healthier diet by following the lifestyle program at the Healthy Life Centre. The individuals identified at high risk for type 2 diabetes in the HUNT3 Survey who lived in the two municipalities (n=332) were invited by letter to attend the VEND-RISK Study and then follow the lifestyle program at the Healthy Life Centre. The letter explained that they were invited because of their high risk for type 2 diabetes and that the lifestyle program aimed to motivate to lasting lifestyle change and prevent the development of type 2 diabetes. The letter also provided information about the lifestyle program at the Healthy Life Centre, with opportunity to attend individual or group-based physical activities, a group-based nutrition course, individual health conversations with health personnel and testing through physical measurements, blood samples and questionnaires.

The Healthy Life Centres lifestyle program {#s2c}
------------------------------------------

Individual health conversations, based on motivational interviewing principles to promote change,[@R28] were undertaken in the beginning and at the end of the Healthy Life Centres lifestyle program.[@R8] The Healthy Life Centres physical activity classes and nutrition course were offered concurrently, in the same period, but on different days.

The Healthy Life Centre offered physical activity classes, as both indoor and outdoor optional activities, two to four times a week. These were either individual or group-based with physical therapists or exercise physiologists. The exercise classes had both cardio and resistance training. Participants also learnt to be familiar with walks, hiking possibilities and relevant training in the local environment. The Healthy Life Centre also provided information about activities in the local municipality after the lifestyle program period.

The Healthy Life Centre offered a group-based nutrition course; Good food for better health, which focused on eating habits and food choices based on national dietary advice. The Norwegian Directorate of Health had developed the course, which was composed of 1 hour-long sessions once a week over 10 weeks with different themes for each session. The course was both theoretical and practical, intended as a good start to achieve sustainable changes in nutrition habits. All participants received a cooking book made for the course, aiming to inspire for healthy food choices and good dietary habits. The Healthy Life Centre further informed and encouraged participants to use online nutrition programs.

Healthy Life Centre personnel consists of a physical therapist, a nutritionist and a nurse. The VEND-RISK Study participants followed the lifestyle program at Healthy Life Centres over 1 year.

Measurements {#s2d}
------------

The sociodemographic characteristics included in HUNT3 and VEND-RISK were age and gender. Information about education and work participation was also obtained for HUNT DE-PLAN. Education was assessed by the question How many years of completed education do you have? and work data questions included Are you working? with the answer categories of yes and no.

The anthropometric measures included in HUNT3 and VEND-RISK were height and weight (for body mass index (BMI)) and waist circumference. Height and weight followed a standardized procedure where participants wore light clothes and no shoes. BMI was calculated as weight divided by height squared (kg/m^2^). Trained nurses measured waist circumference at the iliac crest at end expiration with a measuring tape.[@R29]

The FINDRISC questionnaire and fasting serum glucose were used to assess diabetes risk in HUNT3 and VEND-RISK. Hemoglobin A~1c~ (HbA~1c~) was also measured in VEND-RISK.

Triglycerides, total cholesterol and high-density lipoprotein (HDL) cholesterol were measured to assess cardiovascular risk factors in HUNT3 and VEND-RISK, while low-density lipoprotein (LDL) cholesterol was also measured for VEND-RISK.

The Dartmounth COOP Functional Health Assessment Charts/WONCA were used to measure physical activity for VEND-RISK with the question What was the most intense physical activity you could do for at least 2 min? The five-point scale answers of very intense (fast running), intense (light running), moderate (fast walking), easy (regular walking) and very easy (slow walking) were dichotomized to heavy and light, where moderate was included in the light category.

The HUNT3 Survey included variables for sedentary behavior (total sitting time) and self-reported physical activity. Sedentary behavior was measured by asking About how many hours do you sit during an average day (include work hours and leisure time)? Physical activity was measured using three questions, How often do you exercise?, If you exercise as often as once or several times a week, how hard do you exercise? and How long do you exercise each time? These answers were recoded into metabolic equivalents (METs). The METs scores were divided into three different MET scores (frequency duration (METs) intensity/minutes): 1=08.3 MET-h/wk (0500 MET-min/wk), 2=8.416.6 MET-h/wk and 3=\>16.6 MET-h/wk. A score of 1 is below the recommendations for physical activity, while scores of 2 and 3 fulfill the recommendations for physical activity.[@R30]

Self-reported health status was measured in VEND-RISK by two COOP/WONCA Functional Health Assessment Charts questions. The first question was During the last two weeks How would you rate your health in general?, with participants answering on a five-point scale from very good to very poor. The second question was During the past two weeks Has your physical and emotional health limited your social activities with family, friends, neighbours or groups?, with respondents answering on a five-point scale from not at all to extremely. HUNT3 obtained this information also by posing two questions. The first was How is your health at the moment?, with a four-point response scale that was subsequently dichotomized to poor and good.[@R31] The second question was Has your physical or emotional health influenced social relations with family and friends over the last four weeks?, with answers on a five-point scale composed of not at all, a little, some, a lot and all the time. These answers were also dichotomized so that not at all was classified as no and all the other answers were classified as yes.[@R32]

In the HUNT3 Survey, all measurements were obtained at one point (20062008). The VEND-RISK Study measurements were collected at baseline (2013) and at the end of the 12-month lifestyle program (2014) and at 24-month follow-up (2015). [Figure 1](#F1){ref-type="fig"} shows the sample selection, time when the lifestyle program was offered and measurement points.

![The studys overview from the beginning, in which individuals who were identified at high risk for type 2 diabetes at the HUNT3 Study in 2006 to 2008 and who were also located in the two municipalities for the VEND-RISK Study, were invited to participate in the lifestyle program at Healthy Life Centre in 2013.](bmjdrc-2016-000368f01){#F1}

Ethics {#s2e}
------

The Regional Committee for Medical and Health Research Ethics in Central Norway approved the HUNT3 Survey and the HUNT DE-PLAN Study, where participants received oral and written information to enable them to approve and sign an informed consent form. The Regional Committee approved the VEND-RISK study (REK nr 2010/696). Participants in the VEND-RISK Study received oral and written information to enable them to approve and sign an informed consent form.

Data analysis {#s2f}
-------------

Datasets were analyzed using the IBM Statistical Package for Social Sciences (SPSS) V.23.0. Prior to the analyses, the data were checked for outliers and missing data. Variables were tested for normality by the Shapiro-Wilk test (p value above 0.05), and with visual inspection of histograms, normal Q-Q plots and box plots.

The HUNT3 baseline characteristics of those who accepted to participate, that is, participants, and those who declined to participate, that is, non-participants, in the VEND-RISK Study were described with meansand SD. Independent sample t-test was used to see if there were any differences between participants and non-participants. To see the changes in the main variables from baseline to the end of the 12-month lifestyle program and to the 24-month follow-up, a paired t-test was used for normally distributed variables, and Wilcoxon non-parametric test was used for non-normally distributed variables. All analyses were stratified by gender. First, for strength calculations a 5% significance was selected with 80% strength. Afterwards, a statistical post hoc procedure[@R33] was used to adjust for multiple comparisons. After the adjustment, when comparing characteristics between participants and non-participants, the significance level was changed to 0.003 (α=0.05/15). Furthermore, when studying changes in variables for the participants from baseline to the end of the 12-month lifestyle program and to the 24-month follow-up, the significance level was changed to 0.002 (α= 0.05/26).

Results {#s3}
=======

Characteristics of participants versus non-participants {#s3a}
-------------------------------------------------------

Of the 332 individuals with high risk for type 2 diabetes identified from the HUNT3 Survey (2006 to 2008) invited to the VEND-RISK Study, a total of 287 (86%) declined to participate. [Table 1](#T1){ref-type="table"} presents the characteristics of the participants and non-participants. The sociodemographic, anthropometric, diabetes risk, cardiovascular disease (CVD) and physical activity level measurements for participants were not different from the non-participating men and women. In both groups of participants and non-participants, 59% were women with a mean age of 60 years, a mean BMI of 31 kg/m^2^ and a mean FINDRISC score of 16.9. Both groups of participants and non-participants were at high risk for CVDs with elevated lipids. The women who declined to participate diverged significantly from women who chose to participate in that they reported fewer years of education (p\<0.001). For men, no differences were seen between those who declined to participate and those who participated.

###### 

Characteristics (means (SD)) and comparison between participants and non-participants from the baseline HUNT3 Survey (n=332)

                                                                              Participants (n=45)   Non-participants (n=287)   p Value
  --------------------------------------------------------------------------- --------------------- -------------------------- ---------
  **Variables**                                                               **Means(SD)**         **Means(SD)**              
  Age (years)                                                                                                                  
   Women                                                                      58.5 (9.5)            60.1 (9.8)                 0.24
   Men                                                                        59.5 (5.8)            59.5 (9.3)                 0.99
  FINDRISC score                                                                                                               
   Women                                                                      16.4 (1.9)            16.9 (2.0)                 0.22
   Men                                                                        17.2 (1.9)            16.9 (2.3)                 0.65
  Years of education                                                                                                           
   Women                                                                      12.6 (3.1)            10.7 (3.1)                 0.001\*
   Men                                                                        12.7 (3.2)            11.7 (3.2)                 0.22
  Working                                                                                                                      
   Women                                                                      65.4%                 44.7%                      0.05
   Men                                                                        66.7%                 57.6%                      0.47
  BMI (kg/m^2^)                                                                                                                
   Women                                                                      30.6 (3.8)            31.0 (4.4)                 0.65
   Men                                                                        31.3 (3.2)            31.3 (3.3)                 0.98
  Weight (kg)                                                                                                                  
   Women                                                                      83.5 (10.6)           83.5 (13.5)                0.99
   Men                                                                        100.9 (12.4)          98.4 (11.7)                0.39
  Waist circumference (cm)                                                                                                     
   Women                                                                      101.0 (7.99)          101.0 (12.4)               0.90
   Men                                                                        109.0 (8.2)           108.0 (8.4)                0.59
  Triglycerides (mmol/L)                                                                                                       
  Women                                                                       1.8 (0.9)             1.8 (1.0)                  0.77
   Men                                                                        2.0 (1.1)             2.2 (1.2)                  0.47
  Total cholesterol (mmol/L)                                                                                                   
   Women                                                                      6.0 (1.2)             5.8 (1.0)                  0.28
   Men                                                                        5.4 (1.1)             5.5 (1.1)                  0.68
  HDL cholesterol (mmol/L)                                                                                                     
   Women                                                                      1.4 (0.4)             1.4 (0.4)                  0.91
   Men                                                                        1.1 (0.3)             1.2 (0.3)                  0.37
  Serum glucose (mmol/L)                                                                                                       
   Women                                                                      5.5 (0.7)             5.8 (1.3)                  0.27
   Men                                                                        5.9 (1.1)             6.2 (1.8)                  0.57
  Sitting time (hours a day)                                                                                                   
   Women                                                                      6.2 (3.7)             5.9 (2.7)                  0.68
   Men                                                                        6.2 (3.5)             6.1 (3.0)                  0.87
  Physical activity (hours/week)                                                                                               
   Women                                                                      5.8 (3.4)             5.4 (4.4)                  0.70
   Men                                                                        6.5 (5.4)             6.6 (5.4)                  0.90
  Self-perceived health (Subjective Well-Being) Good                                                                           
   Women                                                                      65.4%                 57.6%                      0.47
   Men                                                                        61.1%                 64.4%                      0.91
  Physical or emotional health impacts on social relations the last 14 days                                                    
   Women                                                                      19.2%                 40.6%                      0.04
   Men                                                                        22.2%                 28.0%                      0.57

\*Significant p\<0.003.

BMI, body mass index; FINDRISC, Finnish Diabetes Risk Score; HDL, high-density lipoprotein.

Participants changes at 24-month follow-up in the VEND-RISK Study {#s3b}
-----------------------------------------------------------------

The participants mean age at baseline in the VEND-RISK Study was 64.2 years, and all of these attended the 24-month follow-up (45/45, 100% responder rate). [Table 2](#T2){ref-type="table"} presents the participants characteristics at baseline, and the mean changes in characteristics from baseline to the end of the lifestyle program and at 24-month follow-up. For the studys primary outcome, in the total sample, none developed type 2 diabetes at 24-month follow-up, and HbA~1c~ decreased significantly (-0.2 mmol/L) for both women and men. For the secondary outcome, the mean BMI changed slightly, but not significantly, from 30.2 kg/m^2^ at baseline to 29.7 kg/m^2^ in the total sample. Furthermore, waist circumference in women showed a significant decrease of 4 cm from baseline to 24-month follow-up (p\<0.001). There were no changes in the self-reported physical activity level or health status (COOP/WONCA) at the end of the lifestyle program or at 24-month follow-up.

###### 

Participants characteristics at the VEND-RISK Study baseline measurements (meansSD) and participants changes from baseline to the end of lifestyle program (meansSD) and to 24-month follow-up (meansSD).

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                  Baseline means (SD)   Changes from baseline to end of program\   p Value\*   Changes from baseline to 24-month follow-up\   p Value
                                                                        Means (SD)                                             Means (SD)                                     
  ----------------------------------------------- --------------------- ------------------------------------------ ----------- ---------------------------------------------- ----------
  Weight (kg)                                                                                                                                                                 

  Women                                           83.0(12.4)            -1.0(3.9)                                  0.22        -1.4  (5.8)                                    0.22

  Men                                             97.2(11.9)            -0.3(3.4)                                  0.68        - 0.9 (6.3)                                    0.53

  BMI (kg/m^2^)                                                                                                                                                               

  Women                                           30.3(4.2)             -0.4(1.4)                                  0.21        -0.6 (2.1)                                     0.21

  Men                                             29.9(2.8)             -0.1(1.1)                                  0.72        -0.2(1.9)                                      0.59

  Waist circumference (cm)                                                                                                                                                    

  Women                                           102.4(9.5)            -2.7(3.9)                                  0.001\*     -4.0(5.4)                                      0.001\*

  Men                                             107.1(6.1)            -0.5(3.8)                                  0.60        -1.7(6.2)                                      0.20

  FINDRISC Score                                                                                                                                                              

  Women                                           16.8(2.6)             -1.1(2.8)                                  0.08        -1.2(3.2)                                      0.09

  Men                                             16.3(3.8)             +0.5(2.8)                                  0.36        -0.2(2.8)                                      0.69

  HbA~1c~ (mmol/mol)                                                                                                                                                          

  Women                                           5.8(0.3)              -0.2(0.2)                                  0.001\*     \--0.2 (0.02)                                  0.001\*

  Men                                             6.0(0.6)              -0.2(0.2)                                  0.001\*     -0.2(0.4)                                      0.03\*\*

  Fasting blood glucose(mg/dL)                                                                                                                                                

  Women                                           5.6(0.7)              -0.2(0.6)                                  0.18        -0.1(0.5)                                      0.24

  Men                                             5.9(1.3)              +0.0(0.6)                                  0.44        +0.3(0.4)                                      0.03\*\*

  Total cholesterol (mg/dL)                                                                                                                                                   

  Women                                           5.4(0.9)              +2.0(0.6)                                  0.001\*     +0.1(0.8)                                      0.42

  Men                                             4.9(1.1)              +1.5(0.5)                                  0.001\*     -0.2(0.6)                                      0.25

  HDL cholesterol (mg/dL)                                                                                                                                                     

  Women                                           1.8(0.9)              -0.2(0.9)                                  0.06        -0.2(0.9)                                      0.86

  Men                                             1.3(0.3)              0.0(0.1)                                   0.95        0.0(0.1)                                       0.95

  LDL cholesterol (mg/dL)                                                                                                                                                     

  Women                                           3.3(1.1)              0.0(0.4)                                   0.81        +0.2(0.8)                                      0.19

  Men                                             3.1(1.0)              -0.2(0.4)                                  0.06        -0.1(0.6)                                      0.68

  Triglycerides (mg/dL)                                                                                                                                                       

  Women                                           1.2(0.5)              +0.1(0.5)                                  0.93        +0.2(0.4)                                      0.06

  Men                                             1.3(0.7)              -0.1(0.3)                                  0.14        +0.1(0.2)                                      0.13

  COOP/WONKA Physical activities as hard                                                                                                                                      

  Women                                           23.1%                 -0.1(0.4)                                  0.13        +0.1(0.5)                                      0.78

  Men                                             42.1%                 -0.1(0.6)                                  0.28        +0.0(0.6)                                      0.63

  COOP/WONKA Overall health as good                                                                                                                                           

  Women                                           76.9%                 +0.1(0.5)                                  0.41        0.0(0.6)                                       0.71

  Men                                             52.6%                 -0.2(0.5)                                  0.18        -0.1(0.5)                                      0.10

  COOP/WONKA Health impact on social activities                                                                                                                               

  Women                                           19.2%                 0.0(0.4)                                   1.00        +0.1(0.4)                                      0.32

  Men                                             0.0%                  +0.1(0.2)                                  0.32        +0.1(0.2)                                      0.32
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*\* Significant p\<0.05.

\*Significant p\<0.002.

Wilcoxon test used.

BMI, body mass index; FINDRISC, Finnish Diabetes Risk Score; HDL, high-density lipoprotein.

Conclusions {#s4}
===========

In this study, of all those who were identified as being at high risk for type 2 diabetes in the HUNT3 Survey and were invited to the 12-month Healthy Life Centre lifestyle program (the VEND-RISK Study), a total of 86% (287/332) declined to participate. Women who declined to participate had fewer years of education. The primary outcome among all participants at 24-month follow-up in the VEND-RISK Study was none developed type 2 diabetes, and HbA~1c~ decreased significantly for both women and men. The secondary outcome was BMI decreased slightly among all participants, and for women, waist circumference decreased significantly.

In the present study, non-participating women had fewer years of education. Low educational attainment is known to have a negative impact on health.[@R34] Much as in our study, non-participants in other studies are reported to have lower educational attainment.[@R35] However, several individual factors can explain non-participation in lifestyle programs, broadly clustered as social, psychological and logistical barriers,[@R36] and previous negative experiences.[@R37] Awareness of ones own unhealthy lifestyle, perception of susceptibility of disease and motivation to make lifestyle changes have been found to be associated with participation in lifestyle programs.[@R38] Women tend to be more concerned about their health and use the healthcare more often than men.[@R17] Even so, previous studies have questioned whether individuals with unhealthy lifestyle are less likely to participate in primary healthcare interventions than those in better health.[@R39] Some individuals at high risk for type 2 diabetes with low educational attainment may not understand the importance of how lifestyle affects their risk for type 2 diabetes. Previous findings have showed that concerns about family history of diabetes was more important for lifestyle change than how lifestyle affected the risk for type 2 diabetes.[@R40] Women are found to recall a family history of diabetes better than men.[@R41] This could explain the effect modification in gender for participants and non-participants concerning educational attainment.

Follow-up of participants in the lifestyle program {#s4a}
--------------------------------------------------

A qualitative study that explored a smaller segment of this studys sample found that the participants already saw themselves as active,[@R40] coining with this study results from the self-reported physical activity level. Another study found those who increased their physical activity in a lifestyle program reduced their weight and waist circumference, along with fasting glucose compared with those who did not increase their physical activity.[@R42] There could be other factors explaining change in weight, waist circumference and diabetes risk status other than physical activity level. As in the present study, HbA~1c~ decreased significantly for all participants, and waist circumference decreased significantly for women despite no change in physical activity level. However, with an intensive program of lifestyle modification like in the DPP Study, older adults achieved more success at preventing type 2 diabetes and reducing weight (5).

Participants at high risk for type 2 diabetes in this study were older adults who slightly decreased their mean BMI from 30.2 at baseline to 29.7 kg/m^2^ at 24-month follow-up. The higher age of individuals at risk for type 2 diabetes has been found to be associated with lower expectations and lower clarity regarding lifestyle changes.[@R43] People at high risk for type 2 diabetes are older compared with people who are not at risk for type 2 diabetes.[@R44] However, a BMI range of 23.029.9 kg/m^2^ is associated with optimal longevity for older adults.[@R45] Other studies have found that being older, inactive and obese are independent risk factors for metabolic changes leading to impaired glucose intolerance.[@R47] Obesity is found to be associated with higher mortality across all ages but not in older adults.[@R45] The small changes observed in the present study in the BMIs of participants, but significant reduction in HbA~1c~ for all participants and in waist circumference for women should be interpreted as positive, especially regarding maintaining and improving the reduction,. Thus, the primary aim of the VEND-RISK Study was to prevent type 2 diabetes and the further development of overweight and obesity in participants.

Furthermore, we found the improvements in the participating women cardiometabolic changes to be maintained at 24-month follow-up and improving further after completion of the 12-month program. The maintenance of changes is often discussed as one of the greatest challenges in lifestyle treatment of overweight/obesity and its metabolic complications.[@R49] However, in order to maintain lifestyle change the surrounding environment can facilitate the outcome for the person trying to maintain the changes.[@R50] The qualitative study that explored a segment of the same sample used in this study found that participants highlighted their surrounding resources as important to maintain healthy habits.[@R40]

In light of our previous findings,[@R37] there may be a gap between the participants from the HUNT3 Survey presented in this study and those referred to lifestyle programs in the primary healthcare in Norway, in that the latter individuals may often already have developed different diseases related to their lifestyle choices. The previous and present results raise questions as to who benefits from lifestyle programs and highlight the importance of prevention programs at a population-based level, such as health promotion strategies that target all individuals.

Strengths and limitations {#s4b}
-------------------------

The cross-sectional design used to describe non-participants and participants allows us to compare the two groups, but is limited in its ability to elucidate causal relationships. Follow-up data of health measurements of the non-participants could be obtained in the next HUNT Survey (HUNT4) in 2017 to 2019. However, those participating in the HUNT3 Survey may differ from those in the general population who did not participate in the HUNT3 Survey at all.

There are few studies that evaluate the long-term effects of lifestyle programs similar to those applied by the Norwegian Healthy Life Centre for more than 3 months after programs have ended.[@R51] We believe that having 24-month follow-up data is a strength. The VEND-RISK Study was undertaken through a lifestyle program at the Healthy Life Centre in a Norwegian primary healthcare setting. There was no control group for the follow-up. Participants who are randomized against their will to treatment that solely involves lifestyle change may result in very low compliance. The lack of a control group weakens the generalizability of our findings, and can be a systematic bias, especially regarding motivation for the sample.

A limitation of the study is the relatively small number of participants and the resulting low statistical power. The significance level was lowered due to multiple comparisons to reduce the possibility of finding a statistical difference by chance. Even so, making adjustments for multiple comparisons may lead to more errors of interpretation when the data under evaluation are actual observations on nature, like in our study.[@R52] There were fewer men than women in our study. Thus, the statistical power in the sex-stratified analyses were even lower for men than for women, which may partly explain the lack of statistically significant differences among men for some of our study outcomes .

The present study contributes to knowledge about lifestyle programs in the Norwegian primary healthcare system, a venue that must take active steps to prevent the development of type 2 diabetes in the population. The study suggests that women with low education in Norway should be targeted in primary healthcare settings for recruitment to programs to prevent type 2 diabetes.

**Contributors:** BK planned and was responsible for the VEND-RISK Study. KM conducted and organized the HUNT DE-PLAN Study. ISF, BK and A-SH designed the present study together with KM and VR. ISF analyzed the data and interpreted the results, together with A-SH and BK. ISF drafted the manuscript with comments from A-SH, BK and VR. All authors read the final manuscript.

**Funding:** Nord University, Levanger, Norway, funded this research.

**Competing interests:** None declared.

**Patient consent:** Obtained.

**Ethics approval:** The Regional Committees for Medical and Health Research Ethics (REK), Norway (REK nr 2010/696) approved the study.

**Provenance and peer review:** Not commissioned; externally peer reviewed.

**Data sharing statement:** The unpublished data from the current study are not publicly available due to secure the anonymity of the participants, but datasets are available from the corresponding author on reasonable request and with permission of The Regional Committee for Medical and Health Research Ethics in Central Norway. The Regional Committee for Medical and Health Research Ethics in Central Norway has not given access to datasets to others than the authors. Restrictions therefore apply to the availability of these data.
